Two cases of pulmonary arteriovenous fistulas with hemiparesis and other neurologic findings, possibly from paradoxical embolization, are described. Many theories have been put forward to explain the pathophysiology of the frequently present neurologic manifestations. We regard paradoxical embolization through the fistula as the most important factor in the pathogenesis of the neurologic deficit.
uted to anoxemia, polycythemia, thrombosis, and abscess. 5' 11, 13 An alternative etiologic hypothesis mentioned briefly in the past,14 18 but receiving little attention, is paradoxical embolization. By this mechanism systemic venous emboli would bypass the lung filter and be diverted directly into the systemic arterial circulation via the arteriovenous shunt. We wish to report two cases in which paradoxical embolization possibly occurred through a pulmonary arteriovenous fistula.
Report of Cases Case 1 W. C. M., a 26-year-old Caucasian man, was admitted to the neurologic service of Barnes Hospital April 5, 1958 . Ten days before admission he developed a severe occipital headache, followed by a temporary paresthesia over the right side of his body. Subsequently the headache worsened, and he became drowsy. Progressive aphasia and confusion developed 4 days later. Significantly, he had experienced episodes of right hemiparesis, hemianesthesia, and transitory aphasia in 1951, 1952, and 1956 . There was a family history of telangiectasia, and the patient had multiple telangiectases over his lips which had occasionally bled severely. He also had a history of frequent epistaxes until age 17.
On examination, the patient exhibited mixed aphasia, weakness The etiology of these neurologic manifestations has been variously assessed. Polycythemia 9, 10, 15, 17-20 with its known tendency to facilitate thrombus formation, and cerebral anoxemia5 10, 14, 19 are the factors generally considered most significant. Cases of brain abscess1" [14] [15] [16] [17] 19 , 21 associated with pulmonary arteriovenous fistula have been reported. The abscesses are usually ascribed to the polycythemia and hypoxia. Runstrom and Sigroth22 suggested that cerebral angiomatous malformations may be responsible for the cerebral signs and symptoms. Steinberg and McClenahan'9 described a case of meningoencephalitis and pulmonary arteriovenous fistula. Sloan and Cooley'0 and Bergquist and associates23 discussed the possibility of air emboli, with the air gaining entrance into the circulation through a defect in the wall of the fistula. Hunter20 recently described the sudden development of aphasia and hemiplegia in an 18-year-old patient with pulmonary arteriovenous fistula. A carotid angiogram demonstrated a defect in the middle cerebral artery suggestive of an embolus. Hunter hypothesized that the embolus originated within the arteriovenous fistula although there was no evidence for this in the surgically resected specimen.
Paradoxical embolization occurring across the pulmonary arteriovenous shunt has attracted only brief mention as the possible etiology of the frequent neurologic findings.'4-l1 This cause of brain abscess and cerebral embolism is well recognized in other situations. Ingham24 reported six cases of paradoxical embolism preceded by pulmonary artery embolism, and in each case at autopsy a thrombus was seen in transit through a patent foramen ovale. Congenital heart disease with right-to-left shunts is associated with paradoxical embolization and possible subsequent formation of brain abscess.25 The mechanism of paradoxical embolism would be similar in patients with pulmonary arteriovenous fistulas, in whom systemic venous emboli would be transmitted across the communicating vessels of the fistula into the pulmonary vein and systemic arterial circulation. This passage may be facilitated by the preferential shunting of large amounts of blood through the low resistance communication. The exceedingly important filtering function of the pulmonary microcirculation would thereby be bypassed. The emboli, when transmitted to the intracerebral circulation, could be the source of the multiple reported neurologic difficulties from mild sensory and motor deficiencies to severe hemiplegia and brain abscesses. In Hunter's case,20 it is possible that the hemiplegia was caused by a paradoxical embolus originating in a systemic vein, rather than in the arteriovenous fistula, as he hypothesized.
In both cases discussed in this report, there was evidence of prior transient episodes of acute neurologic disease. These transient episodes, not uncommon in the life history of patients with pulmonary arteriovenous fistulas, suggest the possibility of paradoxical embolization of small systemic venous thromboemboli. It is interesting that the second patient used oral contraceptives and her blood group is type A, both of which are factors considered by some investigators to increase the incidence of thromboembolic disease.26 2 In case 1, the neurologic findings immediately before pulmonary surgery strongly suggested embolization to the posterior cerebral artery. In case 2, carotid angiography precisely delineated an embolic obstruction in an otherwise normal left middle cerebral artery to account for the hemiplegia and aphasia.
Circulation, Volume XLI, Januar) 1970 PARADOXICAL EMBOLI Auscultation, the levophase of the pulmonary angiogram, and the aortic arch angiography ruled out cardiac or aortic arch anatomic defects which might predispose to embolism from the heart or aorta. In addition, in case 2, neither secondary polycythemia nor hypoxemia was present to account for the cerebral findings. In both of these patients, paradoxical embolization across the pulmonary shunt to the intracerebral circulation is a plausible explanation for the sudden development of neurologic findings.
Is Scientific Beginnings If, therefore, the frequent identity of blood types in twin pairs can be explained neither as the result of monozygotic twinning nor as chance identity between fraternal twins, nor as the sum of these two factors, it is evident that some mechanism is operating to produce frequent phenotypic identity of blood types in genetically dissimilar twins. The vascular anastomosis between bovine twins, known to be a common occurrence, provides an explanation.
... Since many of the twins in this study were adults when they were tested, and since the interchange of formed erythrocytes alone between embryos could be expected to result in only a transient m9dification of the variety of circulating cells, it is further indicated that the critical interchange is of embryonal cells ancestral to the erythrocytes of the adult animal. These cells are apparently capable of becoming established in the hemapoietic tissues of their co-twin hosts and continuing to provide a source of blood cells distinct from those of the host, presumably throughout his life. 
